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(54)Titie: OSTEOSYNTHESIS APPARATUS 
(57) Abstract 

A bone fixation apparatus (10) having an elongated plate member (12) 
with at least two pairs of circular openings (24, 26) and at least one elongated 
slot (28) positioned along the longitudinal axis of the plate member (12). The 
plate member (12) is formed so as to include a curve in the transverse plane 
(TP). The openings and slot each form a cavity with walls extending between 
the upper and lower plate member surfaces (16, 18) with smaller diameter 
wall poitions (32) at the plate member upper and lower surfaces and a larger 
diameter wall portion (34) therebetween. The openings (24. 26) and slot 
(28) are shaped to allow for angulation of an implanted bone screw (14). A 
plurality of bone screws (14) have a threaded first end portion (36) adapted 
for implantation into a patient's bone mass and a spherically shaped enlarged 
second end portion (40). A locking member (48) connects to the second end 
portion (40) to grip the cavity wall of the plate member (12) so as to lock 
each bone screw (14) into a selected position within the openings (24. 26) 
and slot (28) of the plate member (12). 
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OSTEOSYNTHESIS APPARATUS 

The present invention relates to an improved bone or spinal 
fixation apparatus in the form of an elongated plate member and a 
5 locking bone screw. The apparatus has particular utility in anterior 
cervical spine fixation by providing a plate that allows for angulation 
of the bone screws and a locking bone screw that secures the bone 
screws into the plate member at a selected angle corresponding to a 
thick region of the bone mass. 

10 

There are a number of surgical procedures which require 
fixation of portions of the spine with respect to one another. 
Typically, bone screws are employed in the fixation of the spine 
where the implantation of the bone screws is a surgical procedure in 
15 which one or more surgical openings are formed in adjacent 

portions of the spine and threaded bone screws are implanted into 
the surgical openings. Connective structures such as rods or plates 
extend between the various spine members and are connected to 
the spine members by the implanted bone screws. 

20 

In the treatment of spinal disorders and spinal fractures, both a 
posterior and an anterior approach is used and the use of plating 
systems for postenor internal fixation of the spine is well known. 
Several plating systems have also been developed for anterior 

25 internal fixation of the spine. For example, the Syracuse l-plate 
provides a number of differently-sized l-shaped plates which are 
engaged across the vertebrae. A contoured anterior spinal fixation 
plate is known which includes a number of screw openings through 
the contoured plate. The number of openings simply provide 

30 different locations for engaging a bone screw to the vertebrae, and 
does not allow for angulation of the bone screws. A further problem 
with the application of a spinal fixation system is the placement of 



BNSDOCID: <WO_„960a206A1 I > 



wo 96/08206 



PCT/US95/H681 



2 

such a system in the cervical region where anatomical fit and the 
lack of bone mass is a problem. 

Even with these known posterior and anterior plate fixation 
5 systems, there remains a need for a plate and screw system that 
allows for variation in screw placement along the longitudinal axis of 
the plate as well as providing for angulation in both the medial- 
lateral and the cephalad-caudai plane. There is also a need for a 
fixation system that provides a locking bone screw mechanism for 
10 securely fastening the bone screw in the angled position within the 
plate. There is further a need for a fixation plate that is curved to fit 
the contours of the vertebrae and is also somewhat bendabie during 
implantation but rigid enough to allow fusion to take place after 
implantation. 

15 

It is thus an object of the present invention to provide a bone 
fixation system that offers a strong and stable construct for 
maximum fusion augmentation of any bone structure and yet is 
versatile enough for any patient and is easy to use. 

20 

According to the present Invention a bone fixation apparatus 
comprises a plate member having a longitudinal axis, upper and 
lower surfaces, opposed longitudinal side edges, at least two pairs 
of circular openings and at least one elongated slot positioned along 

25 the longitudinal axis of the plate member, said openings and slot 
each forming a cavity extending between the upper and lower plate 
member surfaces wherein at least some of said cavities are 
. narrower at the plate member upper and lower surfaces than at a 
plane located between said surfaces, said openings and slot being 

30 shaped to allow for transverse and longitudinal angulation of an 
implanted bone screw; a pluality of bone screws each having a 
threaded first end portion adapted for implantation into a patient's 
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bone mass and an enlarged second end portion; and locking means 
associated with the second end portion of each bone screw for 
expanding the second end portion to grip a cavity wall of the plate 
member and for locking each bone screw into a selected position 
within at least some of the openings and/or slot of the plate member 

The present invention provides an apparatus that can be made 
small enough for anterior cervical spine applications and is 
preferably of a size which is suitable to be placed on adjoining 
vertebrae, the desired size being selected to suit the particular 
intended application of the apparatus. The plate is preferably 
curved in the transverse plane. 

The distance between the opposed longitudinal side edges is 
preferably less in the central region of the plate member than in the 
end regions of the plate so that, for example, the edges are of 
concave appearance. The upper and/or lower surfaces edges of 
the openings and slot may advantageously be bevelled. 

The bone screw has an enlarged second end which is shaped 
preferably to allow engagement between that end of the screw and 
the side walls of a cavity in a bone fixation plate member upon 
operation of the locking means. A particularly suitable screw has an 
enlarged second end which is spherically shaped or part-spherical. 
The locking means preferably is adapted to cause an interference fit 
between the enlarged second end of the screw and the walls of a 
cavity and preferably comprises a locking member which is of a size 
and shape to fit into a bore located in the second end of the bone 
screw. In a preferred embodiment the second end has a central 
bore which has threads and at least two radial slits which intersect 
the bore. In this form the locking means may comprise a threaded 
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locking member which may be screwed into the central bore thereby 
to expand the second end portion at the radial slits. 

According to the invention a plate member which is adapted for 
5 use in a bone fixation apparatus has upper and lower surfaces, a 
longitudinal axis, opposed longitudinal side edges, two pairs of 
circular openings and at least one elongated slot positioned along 
the longitudinal axis of the plate member, said openings and slot 
each forming a cavity extending between the upper and lower plate 
10 member surfaces wherein at least some of said cavities are 

narrower at the plate member upper and lower surfaces than at a 
plate located between said surfaces, said openings and slot being 
shaped to allow for transverse and longitudinal angulation of an 
implanted bone screw. 

15 

According to the invention, a bone screw capable of being 
locked into a selected position in a plate member comprises a 
threaded first end portion, a bone screw capable of being locked 
into a selected position in a plate member, comprising a threaded 

20 first end portion adapted for implantation into a patient's bone mass 
and an enlarged second end portion; and locking means associated 
with the second end portion of the bone screw for expanding the 
second end portion to grip portions of a wall surface of an opening 
in a plate member and for locking the bone screw into a selected 

25 position within said opening of a plate member. 

For a further understanding of the nature and objects of the 
. present invention, reference should be made to the following 
detailed description, which is given only as an example of the 
30 invention, taken in conjunction with the accompanying drawings, in 
which like parts are given like reference numbers, wherein: 
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Figure 1 is an anterior view of the preferred embodiment of the 
apparatus of the present invention illustrating its placement on the 
anterior cervical bone tissue; 

5 Figure 2 is a plan view of the preferred embodiment of the 

apparatus of the present invention illustrating a plate member; 

Figure 3 is a side view of the plate shown in Figure 2; 

10 Figure 4 is a sectional view of a portion of the plate shown at 

lines 4-4 of Figure 2; 

Figure 5 is a sectional view of a portion of the plate shown at 
lines 5-5 of Figure 2; 

15 

Figure 6 is a partial sectional view of the plate shown at lines 
6-6 of Figure 2; 

Figure 7 is a front view of the preferred embodiment of the 
20 apparatus of the present invention illustrating a locking bone screw; 

Figure 6 is a front view of the preferred embodiment of the 
apparatus of the present invention illustrating a locking member that 
connects to the bone screw of Figure 7; 

25 

Figure 9 is a top view of the bone screw of Figure 7 with the 
locking member of Figure 8 in its locked position; 

Figure 10 is a fragmentary sectional view of the preferred 
30 embodiment of the apparatus of the present invention illustrating the 
bone screw of Figure 7 placed in an angled position; 
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Figure 1 1 is a fragmentary sectional view of the preferred 
embodiment of the apparatus of the present invention illustrating a 
longitudinal range of angulation of an implanted bone screw; 



5 Figure 12 is a fragmentary sectional view of the preferred 

embodiment of the apparatus of the present invention illustrating a 
transverse range of angulation of an implanted bone screw. 

FIG. 1 shows a preferred embodiment of the bone fixation 
1 0 apparatus of the present invention, designated generally by the 

numeral 10, implanted on the anterior side of cervical vertebrae V of 
a human patient. The bone fixation apparatus 10 includes a plate 
member 12 and locking bone screws 14. The plate 12. as shown in 
FIG. 2, is an elongated plate member 12 having a longitudinal axis 
15 LA and upper and lower surfaces 20. 22. The plate member 12 has 
opposed longitudinal side edges 20-22, first and second ends 23, 
25 and a center portion 21 . The center portion 21 preferably has a 
generally smaller width in relation to a larger width at the first and 
second ends 23. 25. Plate member 12 has a transverse plane TP 
20 (FIG. 2) with the plate member 12 being curved along the transverse 
plane TP. The radius of the transverse curve cross-section is 
between about 7/8" to 2" and is illustrated in FIGS. 4 and 5. As 
shown in FIG. 3, the plate member 12 is generally flat along the 
longitudinal axis LA. 

25 

The plate member 12 includes a pair of circular openings 24 
positioned at its first end 23 and a second pair of circular openings 
, 26 positioned at its second end 25. At least one elongated slot 28 is 
positioned along the longitudinal axis LA of the plate member 12. 
30 and in a preferred embodiment three elongated slots 28 are 

positioned along the longitudinal axis LA of the plate member 12. 
The circular openings 24, 26 and elongated slots 28 have a central 
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vertical axis CA. as illustrated in FIGS. 4 and 5. In an alternative 
embodiment, more than two pairs of circular openings can be placed 
on the ends of the plate member 12. 

5 The openings 24. 26 and the elongated slots 28 of the plate 

member 12 each fomri a cavity 30 v/\th angled walls 31 extending 
between the upper and lower plate member surfaces 16. 18. The 
cavities 30 are narrower at the upper and lower surfaces 16. 18 of 
the plate than at an intermediate location 34. The diameter of the 

10 wall portions 32 are larger at the upper surface 16 than the diameter 
of the wall portions 32 at the lower plate surface 18, but the 
diameter of the wall portions 34 is always larger than that at both the 
upper and lower surfaces 16, 18. The slightly smaller diameter of 
the wall portions 32 at the lower surface 1 8 of the plate member 12 

1 5 keeps the bone screw 14 from slipping through the cavities 30 prior 
to insertion of the locking member 48 into the central bore 42 of the 
bone screw 14. The angulation of the wall surfaces 31 between the 
upper and lower plate surfaces 16, 18 is generally about between 
1 1 0"* to 160"*. The cavities 30 of the openings 24. 26 and slots 28 

20 are shaped to allow for a transverse angulation of generally up to 
about 35° in both directions from the central vertical axis CA of the 
openings 24. 26 and slots 28 (FIG. 12). The cavities 30 of the 
openings 24. 26 are shaped to allow for a longitudinal angulation of 
generally up to about 35° in both directions from the central vertical 

25 axis of the openings 24, 26 (FIG. 12). The cavities 30 of the slots 
28 are shaped to allow for a longitudinal angulation of generally 
between 0° to 1 30° in both directions from the central vertical axis of 
the slots 28 (FIG. 1 1 ). The openings 24, 26 and slots 28 have a 
bevelled surface 15 on the upper and lower plate surfaces 16, 18 as 

30 illustrated in FIGS. 4-6. 
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The geometry of the plate member 12, plus the load factors of 
the openings 24, 26 and slots 28. allow the plate member 12 to be 
somewhat bendable during implantation while still maintaining the 
rigidity needed for adequate fixation and immobilization of the 
5 vertebrae. Additionally, the transverse curve of the plate member 
12 allows it to more closely fit the contours of the vertebrae. 



The bone screw 14 has an elongated shank 36, a lower tip 37. 
and an enlarged upper portion 40 affixed to one end of the shank 

10 36. The lower tip 37 of the bone screw 14 communicates with a 
helical thread 38 that begins at the lower tip 37 and terminates at 
the upper portion 40. The enlarged upper portion 40 has a 
spherically-shaped outer surface 41, a tapered central bore 42 and 
upper walls 43. The upper walls 43 of the enlarged portion 40 have 

15 at least 2 radial slits 44 intersecting the bore 42, and in a preferred 
embodiment, four radial slits 44 intersecting the bore 42, as seen in 
FIG. 9. The central bore 42 includes internal threading 46 on a 
portion of the frustoconical surface 45, as illustrated in FIGS. 7 and 
1 0. The spherically-shaped surface 41 of the upper portion 40 

20 interfaces with the cavities 30 of the openings 24, 26 and elongated 
slots 28 (see FIG. 10) as will be described more fully hereinafter. 

A locking member 48, as shown in FIG. 8, has lower and upper 
portions 50, 52 respectively and a top surface 51, with the locking 

25 member 48 being sized and shaped to fit into the tapered central 
bore 42 of the bone screw 14. The locking member 48 includes 
external threading 54 on its lower portion 50 which engages the 
corresponding internal threading 46 of the central bore 42. A tool 
receptive socket such as hexagonal socket 56 (FIG. 9) is provided 

30 on the flat top surface 51 , so that the locking member 48 can be 
rotated using an alien wrench or other such tool or instrument. 
When locking member 48 is threaded into the central bore 42 of 
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bone screw 14, the upper walls 43 expand outwardly further 
enlarging the upper portion 40. 

As shown in FIGS. 10-12, the angular shape of the cavity walls 
31 allows for both transverse and longitudinal angulation of an 
implanted bone screw 14. The spherically-shaped surface 41 
allows the upper portion 40 of the bone screw 14 to be freely 
rotatable within the plate member cavity 30 prior to insertion of the 
locking member 48. After the bone screws 14 have been positioned 
within the openings 24, 26 and slots 28 of the plate member 12 and 
implanted in the vertebrae of a patient, the locking members 48 are 
threaded into the tapered central bore 42 of the bone screws 14. 
The threading 54 of the locking member 48 engages the threading 
46 of the central bore 42 and the radial slits 44 allow the upper wall 
portions 43 to expand outwardly as the locking member 48 is 
tightened into the central bore 42 (FIG. 9). 

The expanding wall portions 43 grip the cavity walls 31 so as 
to lock each bone screw 14 into a selected position within the 
openings 24, 26 and slots 28 of the plate member 12 as illustrated 
in FIGS. 1 1 and 12. The locking mechanism between the plate 
member 12 and the bone screws 14 prevents the implanted bone 
screws from backing out of the vertebrae. This locking mechanism, 
plus the geometry of the plate member 12 allows the bone fixation 
apparatus 10 to provide a rigid construct when initially implanted. 
However, as the implanted bone screws loosen over time, the bone 
fixation apparatus 10 becomes semi-rigid and provides a construct 
that is somewhat flexible and compliant. During implantation, the 
configuration of the openings 24, 26 provides secure fixation at the 
ends of the plate member 12 while the slots 28 provide for a 
variation in screw placement along the longitudinal axis of the plate 
member 12. The bone fixation apparatus 10 can be sized to be 



wo 96/08206 



PCT/US95/11681 



10 

used on cervical or lumbar vertebrae in either an anterior or 
posterior location. The bone fixation apparatus 10 can also be 
sized to be used on other bone surfaces in addition to vertebrae. 

5 Although the present invention has been described with 

reference to its preferred embodiments, those skilled in the art will 
recognize changes which may be made in form or structure which 
do not part from the spirit of the invention already described in the 
specification and embodied in the claims which follow. 



10 
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1 . A bone fixation apparatus, comprising: 

. a) a plate member having a longitudinal axis, upper and lower 
5 surfaces, opposed longitudinal side edges, at least two pairs of 
circular openings and at least one elongated slot positioned along 
the longitudinal axis of the plate member; 

b) said openings and slot each fomiing a cavity extending 
between the upper and lower plate member surfaces wherein at 

1 0 least some of said cavities are narrower at the plate member upper 
and lower surfaces than at a plane located between said surfaces, 
said openings and slot being shaped to allow for transverse and 
longitudinal angulation of an implanted bone screw; 

c) a plurality of bone screws each having a threaded first end 
15 portion adapted for implantation into a patient*s bone mass and an 

enlarged second end portion; and 

d) locking means associated with the second end portion of 
each bone screw for expanding the second end portion to grip a 
cavity wall of the plate member and for locking each bone screw into 

20 a selected position within at least some of the openings and/or slot 
of the plate member. 

2. An apparatus as claimed in claim 1 , wherein said enlarged 
second end portion of said bone screws is spherically or part- 

25 spherically shaped. 

3. An apparatus as claimed in either claim 1 or claim 2, wherein 
saidjocking means is adapted to form an interference fit between 
said second end of said bone screw and a cavity wall of a slot or 

30 opening. 
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4. An apparatus as claimed in any of the preceding claims, 
wherein the second end portion of each bone screw has a tapered 
central bore and at least two radial slits intersecting the bore, said 
central bore including threading on a portion of a surface of the 

5 bore. 

5. The apparatus of claim 4. wherein each bone screw has four 
radial slits intersecting the bore. 

10 6. An apparatus as claimed in claim 4, wherein the locking means 
is sized and shaped to fit into the central bore of each bone screw 
and has threading on a portion of its surface for engaging the 
threading on the surface of the bore. 

15 7. An apparatus as claimed in any of the preceding claims, 

wherein said plate member has a transverse plane and is formed so 
as to include a curve in the transverse plane. 

8. An apparatus as claimed in any of the preceding claims, 

20 wherein the plate member further includes a plurality of elongated 
slots positioned along the longitudinal axis of the plate member. 

9. An apparatus as claimed in any of the preceding claims, 
wherein the plate member has a first end, a second end and a 

25 center portion and the distance between said opposed longitudinal 
side edges is smaller in the region of the center portion than in the 
region of the first and second ends. 

1 0. An apparatus as claimed in any of the preceding claims, 

30 wherein one pair of circular openings is positioned near a first end 
of the plate member and a second pair of circular openings is 
positioned near a second end of the plate member. 
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11. An apparatus as claimed in any of the preceding claims, 
wherein the openings and slot(s) allow for transverse angulation of 
said bone screw of up to about 35"* in each direction from the central 

5 vertical axis of the openings and slot. 

12. An apparatus as claimed in any of the preceding claims, 
wherein the openings allow for longitudinal angulation of up to about 
35° in each direction from the central vertical axis of the openings. 

10 

13. An apparatus as claimed in any of the preceding claims, 
wherein the slot(s) allow(s) for longitudinal angulation from about 0° 
to 1 30° from the central vertical axis of the slot. 

15 14. An apparatus as claimed in any of the preceding claims. 

wherein the openings and slot include a bevelled surface on at least 
one of the upper and lower surfaces of the plate member. 

1 5. An apparatus as claimed in any of the preceding claims, 
20 wherein the plate member is of a suitable size to be placed on 

adjoining cervical vertebrae. 

16. An apparatus as claimed in any of the preceding claims, 
wherein the plate member is of a suitable size to be placed on 

25 adjoining lumbar vertebrae. 

17. An apparatus as claimed in any of the preceding claims, 
wherein the plate member is of a suitable size to be placed on an 
anterior side of the cervical vertebrae. 

30 

18. A plate member, adapted for use in a bone fixation apparatus, 
having upper and lower surfaces, a longitudinal axis, opposed 
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longitudinal side edges, two pairs of circular openings and at least 
one elongated slot positioned along the longitudinal axis of the plate 
member; 

b) said openings and slot each forming a cavity extending 
5 between the upper and lower plate member surfaces wherein at 
least some of said cavities are narrower at the plate member upper 
and lower surfaces than at a plate located between said surfaces, 
said openings and slot being shaped to allow for transverse and 
longitudinal angulation of an implanted bone screw. 

10 

19. A plate member as claimed in claim 18, having a transverse 
plane and being formed so as to include a curve in the transverse 
plane. 

15 20. A plate member as claimed in either claim 1 8 or claim 1 9. 
wherein the plate member includes a plurality of elongated slots 
positioned along the longitudinal axis of the plate member. 

21 . A plate member as claimed in any of claims 1 8 - 20, wherein 
20 the plate member has a first end, a second end and a center portion 
and the distance between said opposed side edges is smaller in the 
region of the center portion than in the region of the first and second 
ends. 

25 22. A plate member as claimed in any of claims 1 8-21 . wherein 
one pair of circular openings is positioned near a first end of the 
plate member and a second pair of circular openings is positioned 
near the second end of the plate member. 

30 23. A plate member as claimed in any of claims 18-22, wherein 
the openings and slot(s) allow for transverse angulation of said 
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bone screw of up to about 35° in each direction from the central 
vertical axis of the openings and slot. 

24. A plate member as claimed in any of claims 18-23, wherein 
5 the openings allow for longitudinal angulation of up to about 35** in 

each direction from the central vertical axis of the openings. 

25. A plate member as claimed in any of claims 1 8 - 24, wherein 
the slot(s) allow(s) for longitudinal angulation from about O"" to 130° 

1 0 from the central vertical axis of the slots. 

26. A plate member as claimed in any of claims 1 8 - 25. wherein 
the openings and slot(s) include a bevelled surface on at least one 
of the upper and lower surfaces of the plate member. 

15 

27. A bone screw capable of being locked into a selected position 
in a plate member, comprising: 

a) a threaded first end portion adapted for implantation into a 
patient's bone mass and an enlarged second end portion; and 
20 b) locking means associated with the second end portion of the 

bone screw for expanding the second end portion to grip portions of 
a wall surface of an opening in a plate member and for locking the 
bone screw into a selected position within said opening of a plate 
member. 

25 

28. A bone screw as claimed in claim 27. wherein said second 
end portion is spherical or part-spherical. 

29. A bone screw as claimed in either claim 27 or claim 28, 
30 wherein said locking means is adapted to form an interference fit 

between said second end of said bone screw and a cavity wall of an 
opening or slot formed in a plate member. 
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30. A bone saew as claimed in any of claims 27 - 29, wherein the 
second end portion has a tapered central bore and at least two 
radial slits intersecting the bore, said central bore including 

5 threading on a portion of a surface of the bore. 

31 . A bone screw as claimed in claim 30 having four radial slits 
intersecting the bore. 

10 32. A bone screw as claimed in either claim 30 or claim 31 . 

wherein the locking means is sized and shaped to fit into the central 
bore of each bone screw and has threading on a portion of the 
screw*s surface for engaging the threading on the surface of the 
bore. 



15 
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